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SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 



BE IT KNOWN THAT WE, HIDETOSHI EMA, a 
citizen of Japan residing at Kanagawa, Japan and 
AKIHISA ITABASHI, a citizen of Japan residing at 
Tokyo, Japan have invented certain new and useful 
improvements in 



IMAGE FORMING APPARATUS FOR CONTROLLING IMAGE WRITING 
BY ADJUSTING IMAGE CLOCK 



of which the following is a specification:- 
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TITLE OF THE INVENTION 

IMAGE FORMING APPARATUS FOR CONTROLLING IMAGE 
WRITING BY ADJUSTING IMAGE CLOCK 



5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image 
forming apparatus and, more particularly, to an image 
forming apparatus such as a lazar printer or a digital 
10 copying machine which carries out modulation control of 
the output light of a semiconductor laser so as to use 
as an optical writing apparatus . 

2 . Description of Related Art 

The semiconductor laser is small, and is 
15 widely used as a light source of an optical writing 

apparatus used for an image forming apparatus such as a 
laser printer or a digital copying machine since high- 
speed modulation can be performed. However, since the 
relationship between the drive current of a 
2 0 semiconductor laser and an optical output changes with 
temperature remarkably, a problem may occur when an 
attempt is made to set an optical intensity of a 
semiconductor laser to a desired value. 

APC (Automatic Power Control) system is known 
25 as a method of using the semiconductor laser, which 



solves such a problem. In APC system, an optical output 
of a semiconductor laser is monitored by a light- 
receiving element, and a normal direction current of the 
semiconductor laser is always controlled to be a desired 
value by an optical-electronic negative feedback loop 
which controls the normal direction current of the 
semiconductor laser so that a signal proportional to a 
light-receiving current proportional to the optical 
output of the semiconductor laser generated in the 
light-receiving element and a luminescence level 
instruction signal become equal to each other. 

Japanese Laid-Open Patent Applications No. 
05-075199, No. 05-235446, No. 09-321376, No. 11-167081, 
and No. 05-207234 discloses a technology with respect to 
the above-mentioned APC system. 

Japanese Laid-Open Patent Application No. 05- 
75199 discloses a semiconductor laser control apparatus 
which achieves high-speed modulation while controlling a 
temperature characteristic and a droop characteristic of 
a semiconductor laser by constituting an optical- 
electric negative feedback loop for controlling the 
semiconductor laser by continuously comparing a light- 
receiving current and a luminescence instruction current 
of a light-receiving element which monitors an optical 
output of a semiconductor laser, and by modulating the 



semiconductor laser at a high speed by supplying to the 
semiconductor laser an output current of the optical- 
electric negative feedback loop by adding a current 
proportional to the luminescence instruction current. 

Japanese Laid-Open Patent Application No. 05- 
235446 discloses a semiconductor laser control apparatus 
which incorporates a semiconductor laser protection 
circuit with a simple structure for preventing a surge 
current when a power is turned on and degradation of the 
semiconductor laser by an excessive current in an 
unstable state of circuits. 

Japanese Laid-Open Patent Application No. 
09-321376 discloses a technology which is realized so 
that a semiconductor laser control apparatus applied to 
an image forming apparatus, to which a current adding 
system that reduces an amount of control by an optical- 
electric negative feedback loop and a pulse width 
intensity mixing modulation system in a single dot are 
applied, is realized with smaller size and power saving 
and further higher integration. 

Namely, Japanese Laid-Open Patent Applications 
No. 5-075199, No. 5-235446 and No. 9-321376 suggest 
realization of a control of a temperature characteristic 
and droop characteristic and high-speed modulation by 
the method of constituting an optical-electric negative 



feedback loop for controlling the semiconductor laser at 
a high speed by continuously comparing a light-receiving 
current and a luminescence instruction current of a 
light-receiving element which monitors an optical output 
of a semiconductor laser, and by modulating the 
semiconductor laser at a high speed by supplying to the 
semiconductor laser an output current of the optical- 
electric negative feedback loop by adding a current 
proportional to the luminescence instruction current. 

However, due to the characteristic of the 
light-receiving element that monitors the optical output 
of a semiconductor laser, the linearity of the light- 
receiving current output characteristic with respect to 
the optical input of the light-receiving element will 
deteriorate remarkably if the optical output of a 
semiconductor laser becomes small. For this reason, the 
control accuracy in the case of a low light output may 
become bad, and there may be a case in which an optical 
output is larger than a predetermined optical output. 
In such a case, there is a possibility of having bad 
influences, such as background contamination, in a laser 
printer and the like. 

Moreover, since the optical output is always 
controlled, an optical output cannot be turned off 
completely so as to have the control system to carry out 



a normal operation, thereby making an offset light 
generated. Moreover, a drive current setting circuit, 
which sets up the drive current to the semiconductor 
laser, is needed, and restrictions may be given to a 
circuit scale when an attempt is made to improve the 
function of optical modulation ICs of a laser printer or 
the like. 

Furthermore, since the light-receiving element 
which detects only optical output of a single 
semiconductor laser is needed, means is required 
externally for separating and detecting optical outputs 
to separate and detect each optical output when one 
light-receiving element detects the output of a 
plurality of lasers such as a semiconductor laser array. 

Moreover, Japanese Laid-Open Patent 
Application No. 11-167081 discloses a pixel clock 
frequency setting method by a direct synthesizer. 
According to this method, a frequency change can be 
performed at a high speed by changing a frequency unit 
by changing data of LUT (look-up table) . However, since 
a frequency variable unit and output frequency change 
speed are closely related to the control speed of a 
subsequently connected PLL-LOOP and low-pass passage 
filter, restrictions are given at the time of designing 
the entire structure. Moreover, a frequency unit is 
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dependent on a master clock frequency and the number of 
bits of LUT, and in order to perform a fine setup, it is 
required to increase a circuit scale or to make a master 
clock a high speed, thereby accompanying difficulties to 
5 realize a single chip structure. 

Moreover, although Japanese Laid-Open Patent 
Application No. 5-207234 discloses a method of adding a 
phase error to PLL-LOOP, a frequency error of a pixel 
clock is generated in this method unless an addition 
10 signal of phase error stability is very stable. This 
will become large restrictions in an attempt to make a 
single chip IC by unifying a digital circuit and an 
analog circuit. 

Next, a further description will be given, 
15 with reference to FIG. 1 , of a conventional image 

forming apparatus. In FIG . 1, a laser light emitted 
from a semiconductor laser unit 21 is scanned by 
rotation of a polygon mirror 22. The scanned laser 
light forms optical spots on a scanned medium (photo 
20 conductor) 24 through a scanning lens 23, exposes the 
scanned medium 2 4 and forms an electrostatic latent 
image. At this time, formation of the electrostatic 
latent image on the scanned medium 24 is controlled by 
controlling the light-emitting time of the semiconductor 
25 laser based on image data generated by the image- 



processing unit 26 and an image clock of which phase is 
set up by a phase synchronous circuit 29. Moreover, the 
phase synchronous circuit 29 sets the phase of the clock 
generated by a clock generating circuit 2 8 to a phase 
which is synchronized with a photodetector which detects 
the light of the semiconductor laser which is scanned by 
the polygon mirror 22 . 

As mentioned above, in the image forming 
apparatus which uses a laser scanning optical system, a 
laser drive circuit 27, the phase synchronous circuit 29 
and the clock generation circuit 28 are indispensable in 
a position accuracy and interval accuracy of the 
electrostatic latent image formed on the scanned medium 
24. For this reason, a clock having the same frequency 
with the image clock is needed for many circuits in the 
image forming apparatus, and there is a possibility of 
causing a problem of EMI (Electro Magnetic Inference) of 
the image forming apparatus. Moreover, it also induces 
a cost rise due to an increase in the number of parts. 
Furthermore, it becomes very difficult to operate an 
image data transfer clock at completely the same timing 
in entire system as a printing speed increases, and, 
thereby, data must be transferred in parallel by image 
data transfer with a slow clock. 

Moreover, in recent years, a multi-beam 



optical system which attains high speed and high density 
is being adopted in connection with the high speed and 
high density of a laser printer by recording not only by 
a light from a single light source but by lights from a 
plurality of light sources. However, there are a case 
in which a plurality of semiconductor lasers are used as 
a light source and a case in which a semiconductor laser 
array on which a plurality of light-emitting points are 
arranged in monolithic on a single chip, and it is 
preferable that these are selected, if necessary, from a 
systematic viewpoint. 

However, conventionally, since the light- 
receiving element is common to all semiconductor lasers 
with respect to the semiconductor laser array, the 
methods recited in the above-mentioned Japanese Laid- 
Open Patent Applications No. 5-75199, No. 5-235446, No. 
9-321376, etc. cannot be used, which results in an 
increased cost when the semiconductor laser array is 
used. 

Moreover, although a continuous control is 
needed in order to remove the influence of the 
temperature characteristic, the droop characteristic, 
etc. of the semiconductor laser as recited in Japanese 
Laid-Open Patent Applications No. 5-75199, No. 5-235446, 
No. 9-321376, etc., an offset light may arise so as to 



perform a simultaneous, continuous control. Moreover, a 
current setting circuit, etc. is needed which results in 
an increase in a circuit scale. Furthermore, when a 
semiconductor laser array is used, means for separating 
and detecting each optical output must be externally 
provided. 

Moreover, the beam profile of a semiconductor 
laser is usually approximated to Gaussian distribution, 
and an electrostatic latent image in an electronic 
photograph system is formed according to Gaussian 
distribution. For this reason, the electrostatic latent 
image is not in binary values, and analog-distribution 
parts generate according to an increase in resolution. 
Accordingly, it is easily influenced by external 
fluctuation factors, such as changes in a development 
bias, and it tends to easily cause fluctuation in image 
intensity . 

Furthermore, although the pixel clock 
frequency setting method by the direct synthesizer which 
is disclosed in Japanese laid-Open Patent Application No. 
11-167081 can change frequency at a higher speed by 
changing the frequency unit by changing the data of LUT , 
a frequency variable unit and output frequency change 
speed closely relate to control speed of PLL-LOOP and 
the low-pass filter, which are subsequently connected, 



and give restrictions on the entire structure design. 
Moreover, since a frequency unit is dependent on a 
master clock frequency and the number of bits of LUT, ii 
order to perform a fine setup, it will need to increase 
a circuit scale or increase a master clock speed, which 
accompanies difficulty in realizing a single chip IC. 

Moreover, in the method of adding a phase 
error to PLL-LOOP as disclosed in Japanese Laid-Open 
Patent Application No. 5-207234, the frequency error of 
a pixel clock may occur unless the addition signal of 
the phase error is stable very much. This may give 
large restrictions when attaining a single ship IC by 
unifying a digital circuit and an analog circuit. 

Moreover, in a deflector such as a polygon 
scanner, the variation in the distance from the axis of 
rotation of a deflection reflective surface (variation 
in an inscribed circle radius) generates unevenness in 
the scanning speed of the optical spot (scanning beam) 
which scans a surface to be scanned. After detecting 
synchronous light, a write-in signal is issued at a 
predetermined timing and a semiconductor laser starts 
light emission, data corresponding to a single scanning 
line is sent to each source of light emission, and 
thereby, an image is formed as a latent image on a 
scanned medium. 



At this time, as shown in FIGS. 2A and 2B, 
unevenness (variation) of the scanning length of each 
scanning line appears according to the above-mentioned 
factor in the deflector such as a polygon scanner. Such 
unevenness is mainly conspicuous at an edge of image as 
well as a write-in magnification error, and the 
variation in the above-mentioned write-in end appears as 
fluctuation of an image end. The influence on the image 
by the factor of the above-mentioned deflector is larger 
as closer to the end, and degradation of image guality 
is conspicuous, although fluctuation of an image is also 
generated not only at an end but also in the middle. 
This degradation of the image quality by fluctuation of 
an end needs to be corrected when there is a demand for 
a high-definition quality of image. 

Furthermore, in the case of a multi-beam 
optical system, it is necessary to correct scanning 
width since when there is a difference in the 
oscillation wavelength of each source of light emission, 
an offset of exposure position occurs in a case of an 
optical system in which a color aberration of a scanning 
lens is not corrected, and a difference is generated in 
the scanning with, when an optical spot corresponding to 
each source of light emission scans on the scanned 
medium, for each source of light emission, which becomes 
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a cause of degradation of image quality. 

Moreover, the interval of light-emitting 
points of a semiconductor laser array has a limit in 
positioning the light-emitting points closer to each 
other due to influences of a thermal cross-talk or an 
electric cross-talk. Moreover, it becomes a cost 
demerit to make many kinds of light-emitting point 
intervals of a semiconductor laser array. However, 
various scanning optical systems have been developed 
with the write-in density or scanning width, and there 
are various magnifications of a scanning optical system. 
Therefore, in order to obtain arbitrary scanning pitches 
on a surface to be scanned, the pitch of the light- 
emitting point is apparently made into a desired pitch 
in the sub-scanning direction by slanting a 
semiconductor laser array. However, when a 
semiconductor laser array is slanted, the scanning start 
position on the surface to be scanned which is formed by 
a light flux projected by each light-emitting point is 
shifted. Moreover, even when the semiconductor laser 
array is not slanted, the scanning start position on the 
surface to be scanned shifts due to position offset of 
the light-emitting point caused by a machining error 
during a manufacturing process of the semiconductor 
laser array. Since this becomes a cause of degradation 
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of image quality, it needs to correct the scanning start 
position. 

Furthermore, in the case in which a light 
source part of a multi-beam optical system is 
constituted by combining a plurality of semiconductor 
lasers, it is necessary to correct a scanning start 
position since there is a problem that the scanning 
start position shifts in the same manner as mentioned 
above, which becomes a cause of degradation of image 
quality . 

Moreover, in an optical system design, 
although a high performance (reduction of an image 
surface curve, reduction of a magnification error, 
reduction of a scanning line bend, etc.) of an optical 
system is attained for achieving a high image quality of 
an output image, there is a limit also in it due to 
restrictions from the number of sheets, field 
composition and the quality of the material of the 
optical element of an optical system. Therefore, in 
order to attain further high performance, the increase 
in the number of sheets of the optical elements, 
introduction of a special form surface and use of an 
expensive optical material are needed, and, thus, issues 
related to a cost increase, an improvement in design 
difficulty and an improvement in machining difficulty of 



the optical system arises. 



SUMMARY OF THE INVENTION 

It is a general object of the present 
invention to provide an improved and useful image 
forming apparatus in which the above-mentioned problems 
are eliminated. 

A more specific object of the present 
invention is to provide an image forming apparatus which 
can perform a highly accurate scanning position 
alignment with a simple structure by performing a 
semiconductor laser control by adjusting an image write- 
in clock in an image forming apparatus using the 
semiconductor laser as a light source. 

Another object of the present invention is to 
provide an image forming apparatus which can obtain a 
high quality image by correcting a position offset of a 
plurality of light-emitting points in a primary scanning 
direction in a case in which a semiconductor laser array 
is use in a slanted state, a machining error of 
manufacturing semiconductor laser array occurs or a 
light source part is constituted by combining a 
plurality of semiconductor lasers. 

Additionally, a further object of the present 
invention is to provide an image forming apparatus in 
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which can realize miniaturization, high speed and low 
cost by incorporating circuits, which generate an image 
write-in clock and control a semiconductor laser array, 
into a single IC chip. 

In order to achieve the above-mentioned 
objects, there is provided according to one aspect of 
the present invention an image forming apparatus 
comprising: a semiconductor laser; an optical unit which 
scans a rotational photo conductor by a laser light 
output by said semiconductor laser; and a photodetector 
which detects the laser light output by said 
semiconductor laser at a predetermined position, wherein 
a latent image is formed by scanning said rotational 
photo conductor based on the laser light detected by the 
photodetector, said image forming apparatus further 
comprising: a high-frequency clock generation circuit; a 
first frequency divider which generates and outputs an 
image clock which synchronized with an output of said 
photodetector by dividing a clock output from the high- 
frequency clock generation circuit; and an image clock 
phase changing circuit which changes a phase of the 
image clock. 

According to the above-mentioned invention, 
since the phase of the image clock can be changed, the 
scanning speed of the semiconductor laser according to 



-16- 



th e scanning optical system and the wavelength of the 
semiconductor laser can be adjusted by fine adjustment 
of the phase of the image clock. Accordingly, a highly 
accurate scanning position alignment can be realized 
5 with a simple structure. 

In the present invention, said high-frequency 
clock generation circuit may comprise: a voltage 
controlled oscillator which controls an oscillation 
frequency of a clock, which is output according to an 

10 input signal; a second frequency divider which divides 
the clock oscillated by the voltage controlled 
oscillator; a phase comparator which compares a phase of 
the clock output by the frequency divider with a phase 
of a frequency of a reference clock so as to output a 

15 signal corresponding to a result of the comparison, 
wherein the signal output by the phase comparator is 
input to said voltage controlled oscillator. 

Since the high-frequency clock generating 
circuit is constituted by the PLL circuit, an adjustment 

2 0 of scanning speed of the light output by the 

semiconductor laser can be performed by performing a 
course adjustment for adjusting the output frequency of 
PLL and a fine adjustment by the phase change circuit, 
and, thus, the adjustment range of the scanning speed 

25 can expanded, which provides an image forming apparatus 



which realizes a highly accurate position alignment. 

Additionally, the image forming apparatus 
according to the present invention may further comprise: 
an image data input circuit which inputs image data 
based on said image clock; a modulation pattern 
generation circuit which generates a modulation pattern 
based on said image data and the clock output from said 
high-frequency clock generation means; and a 
semiconductor laser control circuit which controls the 
output of said semiconductor laser based on the 
modulation pattern generated by the modulation pattern 
generation means . 

That is, since the high-frequency clock 
generating circuit is constituted by the PLL circuit, an 
adjustment of scanning speed of the light output by the 
semiconductor laser can be performed by performing a 
course adjustment for adjusting the output frequency of 
PLL and a fine adjustment by the phase change circuit, 
and, thus, the adjustment range of the scanning speed 
can expanded, which provides an image forming apparatus 
which realizes a highly accurate position alignment. 

Said first frequency divider, said image clock 
phase change circuit, said high-frequency clock 
generator, said image data input circuit and said 
modulation pattern generation circuit may be constituted 



by an integrated circuit formed in a single 
semiconductor chip. 

Thereby, since the phase of the pixel clock 
can be changed from the frequency which is N times the 
pixel clock, the pixel clock can be fine controlled in 
equivalent manner, and, thus, the pixel position can be 
accurately maintained even if a fluctuation is generated 
in the wavelength of the semiconductor laser. 

Additionally, the image forming apparatus 
according to the present invention may further comprise 
a frequency dividing ratio setting circuit which sets a 
frequency dividing ratio by said frequency dividing 
means by loading from outside. Accordingly, since the 
data which is loaded at the data load timing of the 
frequency dividing circuit, the pixel clock frequency 
can be easily fine-controlled. 

Additionally, the image forming apparatus 
according to the present invention may further comprise 
a pulse reversal circuit which reverses or forwards a 
phase of pulses oscillated by said voltage controlled 
oscillator. Accordingly, a high quality image can be 
formed with a simple structure. 

Additionally, the image forming apparatus 
according to the present invention may further comprise 
a frequency dividing operation stop and resumption 



circuit which stops or resumes an operation of said 
second frequency divider. Accordingly, the pixel clock 
frequency can be easily fine-controlled, and a high 
quality image can be formed. 

Additionally, the image forming apparatus 
according to the present invention may further comprise 
a semiconductor laser turn-off circuit which switches 
off said semiconductor laser at a timing which delays 
the phase of said pixel clock. Since the semiconductor 
laser is switched off at a timing for delaying the phase 
of the pixel clock, a change in the image intensity due 
to the phase change in the pixel clock can be eliminated, 
and a high quality image van be formed. 

Additionally, there is provided according to 
another aspect of the present invention an image forming 
apparatus comprising: a semiconductor laser; an optical 
unit which scans a rotational photo conductor by a laser 
light output by said semiconductor laser; and a 
photodetector which detects the laser light output by 
said semiconductor laser at a predetermined position, 
wherein a latent image is formed by scanning said 
rotational photo conductor based on the laser light 
detected by the photodetector, said image forming 
apparatus further comprising: a high-frequency clock 
generation circuit; a frequency divider which generates 
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and outputs an image clock which synchronized with an 
output of said photodetector by dividing a clock output 
from the high-frequency clock generation circuit; an 
image data input circuit which inputs image data based 
on said image clock; a semiconductor laser modulation 
circuit which modulates an output of said semiconductor 
laser based on a clock output from said high-frequency 
clock generation means and the image data which input 
said image data input means; and a phase change circuit 
which changes a timing which said image data input 
means takes in the image data and a phase of said image 
clock at the same time. 

According to the above-mentioned invention, 
since a phase difference can be set between the output 
pixel clock and the internal clock, it can be set so 
that a time delay for transmitting the image data with 
an image data transmitting circuit block connected to 
the integrated circuit becomes appropriate. 

In the above-mentioned invention, said phase 
change circuit may change the timing for taking in the 
image data and the phase of the clock of said image 
clock based on a first synchronous signal at a time of 
power supply and a turn-off data timing of synchronous 
signal detection data. Accordingly, since the image 
data transmission time delay with the image data 
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transmission circuit block connected to the integrated 
circuit can be reset when a power is turned on, a high- 
speed pixel clock can be generated, and at the same time 
the semiconductor laser can be controlled. 
5 Additionally, said phase change circuit may 

change the timing for taking in the image data and the 
phase of said image clock for every scanning timing. 
Accordingly, since the image data transmission time 
delay with the image data transmission circuit block 
10 connected to the integrated circuit can be set so that 
it automatically becomes appropriate for each scanning 
line, the high-speed pixel clock can be generated by a 
single integrated circuit, and at the same time the 
semiconductor laser can be controlled. 
15 Additionally, said phase change circuit may 

change the timing for taking in the image data and the 
phase of said image clock only at a first line of a page. 
Accordingly, since the image data transmission time 
delay with the image data transmission circuit block 
20 connected to the integrated circuit can be set so as to 
be appropriate for the beginning of one page, the high- 
speed pixel clock can be generated by a single 
integrated circuit, and at the same time the 
semiconductor laser can be controlled. 
25 Additionally, the phase of said image clock 
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may be changed when being output, and the timing which 
said image data input circuit takes in data and a timing 
which said modulation pattern generating circuit 
generates a modulation pattern may not be changed. That 
5 is, since the image data transmission time delay with 
the image data transmission circuit block connected to 
the integrated circuit can be set so as to be 
appropriate and only the phase of the delivery pixel 
clock is changed, the high-speed pixel clock can be 

10 generated by a single integrated circuit, at the same 
time the semiconductor laser can be controlled, and 
easily constructed. 

Additionally, there is provided according to 
another aspect of the present invention an image forming 

15 apparatus comprising: an optical scanning unit which 
scans a plurality of light fluxes on a medium to be 
scanned, the light fluxes being synchronous with an 
output pixel clock and being modulated in accordance 
with image data of a respective one of a plurality of 

20 lines; and a clock phase control circuit which controls 
a phase of said output pixel clock for each of said 
lines so as to correct a shift in a write start position 
in a scanning direction due to a shift in a position of 
each light-emitting point of said plurality of light 

25 fluxes . 
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According to the above-mentioned invention, 
since the phase of the output pixel clock for each of 
the lines is controlled so as to correct a shift in a 
write start position in a scanning direction due to a 
5 shift in a position of each light-emitting point of the 
plurality of light fluxes, a high quality image can be 
obtained by correcting the position shift of the 
plurality of light-emitting points in the primary 
scanning direction. 

10 Additionally, there is provided according to 

another aspect of the present invention an image forming 
apparatus comprising: an optical scanning unit which 
scans a plurality of light fluxes on a medium to be 
scanned by deflecting the light fluxes by a deflector, 

15 the light fluxes being synchronous with an output pixel 
clock and being modulated in accordance with image data 
of a respective one of a plurality of lines; and a clock 
phase control circuit which controls a phase of said 
output pixel clock for each of a plurality of deflecting 

20 surfaces of said deflector so as to correct a 

fluctuation in a scanning length corresponding to the 
plurality of deflecting surfaces. 

According to the above-mentioned invention, a 
fluctuation in the scanning length (a difference between 

25 optical scanning widths of the scanning lines) generated 



by the deflector of a polygon scanner as a cause and 
associated fluctuation which appears at an image end can 
be corrected. 

In the above-mentioned invention, said clock 
phase control circuit may comprise: a high-frequency 
clock generator; a first frequency divider which 
generates said output pixel clock by dividing an output 
of said high-frequency clock generator, the first 
frequency divider having a circuit which can change a 
phase of said output pixel clock; a phase change circuit 
which changes a phase of said first frequency divider; 
and a second frequency divider which generates an 
internal clock by dividing an output of said high- 
frequency clock generator, the second frequency divider 
having a circuit which can change a phase of said 
internal clock. 

Accordingly, since the phase difference 
between the output image (pixel) clock and the internal 
clock can be set, the image data transmission time delay 
with the image data transmission circuit block connected 
to the IC can be appropriately set. Accordingly, a 
high-speed image (pixel) clock can be generated and at 
the same time the semiconductor laser can be controlled, 
and such an IC can be provided. 

Additionally, said high-frequency clock 
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generator may be constituted by a PLL circuit 
comprising: a voltage controlled oscillator circuit; a 
programmable counter which divides an output of said 
voltage controlled oscillator circuit; and a phase 
5 comparator circuit which compares phases of an output of 
said programmable counter and a reference frequency, 
wherein said first frequency divider generates said 
output pixel clock by dividing an output of said voltage 
controlled oscillator circuit and a phase of said output 
10 pixel clock is synchronized with a phase synchronous 
signal . 

Accordingly, a freedom of setting the 
frequency of the high-frequency clock is improved, and 
image (pixel) clock can be synchronized with the write 
15 position. Additionally, the semiconductor laser can be 
controlled simultaneously with the generation of a high- 
speed image (pixel) clock, and such an IC can be 
provided. 

Additionally, the image forming apparatus 
20 according to the present invention may further comprise 
a modulation pattern generating circuit which generates 
a modulation pattern by which an optimum exposure energy 
is obtained based on the image data in synchronization 
with said output pixel clock. 
2 5 Accordingly, a freedom of setting the 
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frequency of the high-frequency clock is improved, and a 
high-speed optical modulation pattern, by which an 
optimum exposure energy can be obtained, can be 
generated from the image data. Additionally, the 
5 semiconductor laser can be controlled simultaneously 

with the generation of a high-speed image (pixel) clock, 
and such an IC can be provided. 

Additionally, said modulation pattern 
generating circuit may change a phase of the output 

10 pixel clock for each of a plurality of lines. 

Accordingly, a high speed can be achieved, and positions 
of a plurality of light-emitting points can be finely 
adjusted. Additionally, the semiconductor laser can be 
controlled simultaneously with the generation of the 

15 image (pixel) clock, and such an IC can be provided. 

Additionally, said first frequency divider, 
said phase change circuit, said PLL circuit and said 
modulation pattern generating circuit may be formed in a 
single integrated circuit. Accordingly, since the 

20 semiconductor laser modulation drive circuit can be 
provided at different location, a layout around the 
light source can be easy, and an IC which can control 
the semiconductor laser can be provided simultaneously 
with the generation of a high-speed image (pixel) clock. 

25 Additionally, said integrated circuit may 
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further comprise a semiconductor laser modulation drive 
circuit. Accordingly, a high speed can be achieved 
since circuit parts having a high transmission rate are 
integrated, and, according to the present invention, an 
5 IC which can control the semiconductor laser can be 

provided simultaneously with the generation of a high- 
speed image (pixel) clock. 

Other objects, features, and advantages of the 
present invention will become more apparent from the 
10 following detailed description when read in conjunction 
with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a figure showing a structure of a 
15 conventional image forming apparatus; 

FIGS. 2A and 2B are illustrations for showing 
variation in an image end caused by a deflector; 

FIG. 3 is a graph showing a relationship 
between an optical modulation pulse and exposure energy; 
20 FIG. 4 is a graph showing a relationship 

between the optical modulation pulse and exposure energy 
in a conventional case in which the optical modulation 
pulse shown in FIG. 3 is narrowed; 

FIG. 5 is graph showing distribution of the 
25 exposure energy in a case in which the modulation 
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pattern of the light is sequentially changed; 

FIG. 6 is a graph showing distribution of the 
exposure energy in a case in which the exposure energy 
is changed by the modulation pattern; 
5 FIG. 7 is a block diagram of a modulation data 

generating circuit for producing optical pulse sequence ; 

FIG. 8 is an illustration showing data for 
generating an optical pulse; 

FIG. 9 is an illustration showing data for 
10 generating an optical pulse; 

FIG. 10 is a circuit structure diagram of a 
circuit for controlling and modulating a semiconductor 
laser in response with data from a Pulse-Modulation-Unit 
shown in FIG. 5; 
15 FIG. 11 is a block diagram of a circuit which 

realizes generation of VCLK and generation of a pixel 
clock ; 

FIG. 12 is a block diagram of a circuit 
constituted so that a 1/8 pixel clock phase is delayed; 
20 FIG. 13 is timing chart of an operation in 

which the phase of an internal clock to a pixel clock is 
operated according to phase data. 

FIG. 14 is an illustration for explaining a 
method in which the number of bits of LUT is reduced; 
25 FIG. 15 is an illustration showing pulse 



sequence when VCLK is divided by 8; 

FIG. 16 is a circuit diagram of a circuit 
having a cathode rendered to be common in a circuit 
structure in which the peak value of optical intensity 
and a bias current of a semiconductor laser; 

FIG. 17 is a circuit diagram of a circuit 
having an anode rendered to be common in a circuit 
structure in which the peak value of optical intensity 
and a bias current of a semiconductor laser; 

FIG. 18 is a circuit diagram of a circuit 
which sets up the timing which controls a semiconductor 
laser ; 

FIG. 19 is a circuit diagram of a circuit 
which sets up the timing which controls a semiconductor 
laser ; 

FIG. 20 a structural diagram of a chip in a 
case in which a circuit according to a first embodiment 
of the present invention is realized as a single chip 
IC; 

FIG. 21 is a structural diagram of a chip 
which is constituted so as to generate an optical 
modulation pulse according to a predetermined rule; 

FIG. 22 is a block diagram of a circuit which 
carries out an image data conversion process; 

FIG. 23 is a block diagram of a circuit which 
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carries out an image data conversion process; 

FIG. 24 a timing chart when a pixel clock is 
subjected to a 1/8 phase delay control; 

FIG. 25 is a perspective view of an optical 
5 scanning part provided in an image forming apparatus 
according to a second embodiment of the present 
invention ;■ 

FIG. 2 6 is an illustration showing a light 
source device shown in FIG. 25; 
10 FIG. 27A is an illustration showing a 

plurality of light-emitting points provided in the light 
source; FIG. 27B is an illustration of a case in which 
the plurality of light-emitting points are slantingly 
arranged; 

15 FIG. 28 is a perspective view of a 4-beam 

light source unit; 

FIG. 29 is a circuit diagram of a circuit 
which performs VCLK signal generation and pixel clock, 
generation ; 

20 FIG. 30 is a circuit diagram of a circuit 

which performs VCLK signal generation and pixel clock 
generation according to the present invention; 

FIG. 31 is an illustration for explaining 
scanning by a plurality of light-emitting points; 

25 FIG. 32 is an illustration for explaining the 
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plurality of light-emitting points and a write start 
position thereof; 

FIG. 33 is a circuit diagram of a circuit 
which performs VCLK signal generation and pixel clock 
5 generation; 

FIG. 34 is a circuit diagram of a detection 
circuit for a deflecting surface; 

FIG. 35 is a block diagram of a high-frequency 
clock and pixel clock generation circuit according to 
10 the present invention; 

FIG. 36 is a structural diagram of a chip in a 
case in which a circuit according to a second embodiment 
of the present invention is realized as a single chip 
IC; 

15 FIG. 37 is a timing chart showing main signals 

in FIG. 36; 

FIG. 38 is a structural diagram of a chip 
which is constituted so as to generate an optical 
modulation pulse according to a predetermined rule; and 

20 FIG. 39 is a circuit diagram of a circuit 

which is formed by adding a structure to add shading 
data to the circuit structure shown in FIG. 16. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



25 



(First embodiment) 
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A description will now be given, with 
reference to FIG. 3 through FIG. 24 of an image forming 
apparatus according to the present invention. It should 
be noted that the image forming apparatus according to 
5 the present embodiment has a structure the same as that 
of the scanning lens 2 and the photodetector 4 with 
respect to the photo conductor 3 in the optical write-in 
system of the image forming apparatus shown in FIG. 1. 

FIG. 3 is a graph showing a relationship 

10 between an optical modulation pulse and exposure energy. 
In FIG. 31, © indicates an example of a conventional 
optical modulation pulse. (2) indicates exposure energy 
when a beam profile has Gaussian distribution in an 
optical system in which an image is formed on a photo 

15 conductor surface after making semiconductor laser light 
parallel light by a collimate lens and passing a 
scanning optical system. In the present embodiment, an 
optical pulse has a pattern which is indicated by (3), 
exposed by the same optical system and has an exposure 

20 energy distribution as indicated by ©. 

FIG. 4 is a graph showing a relationship 
between the optical modulation pulse and exposure energy 
in a conventional case in which the optical modulation 
pulse shown in FIG. 3 is narrowed. Similar to this, 

25 this, the exposure energy in the present embodiment 
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becomes that corresponds to a case in which the 
modulation pattern of the light is changed. 

FIG. 5 is graph showing distribution of the 
exposure energy in a case in which the modulation 
5 pattern of the light is sequentially changed, and FIG. 6 
is a graph showing distribution of the exposure energy 
in a case in which the exposure energy is changed by the 
modulation pattern. The optical modulation pattern 
shown in FIG. 4 is a combination of a first optical 
10 pulse sequence and a second optical pulse lighted at a 
center, the second pulse sequence being symmetrical 
pulses, like that indicated by the optical patterns 
shown in FIG. 4, as indicated by (3) in FIG. 3 and CD in 
FIG. 4. 

15 If the interval of the first pulses is 

narrowed, an exposure energy distribution exhibits a 
steep curve. On the other hand, if the interval of the 
first pulses is enlarged, an exposure energy 
distribution exhibits a gently-sloping curve. In this 

20 case, a fall in the center of an exposure energy 
distribution is suppressed by the second pulse. 

As shown in the above figure, a steep exposure 
energy curve which is close to a case in which a 
diameter of an optical beam is reduced by about 2 0% by 

25 exposing by the optical pulse of the present embodiment. 
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Accordingly, an image with sufficient graininess (S/N 
ratio) can be obtained since the same surface potential 
distribution as a case where a photo conductor surface 
potential distribution is made smaller that a beam 
5 diameter will be obtained. Moreover, this method is 
also an effective method when an object onto which a 
laser beam is projected is rotating, although the 
scanning optical system has been explained to the 
modulation of this laser beam. 

10 FIG. 7 is a block diagram of a circuit which 

generates modulation data for generating the above- 
mentioned optical pulse sequence. In FIG. 7, image data 
is converted into data corresponding to an modulation 
pulse sequence by LUT (Look Up Table) 17 based on a 

15 Clock for transmitting image data, and is loaded to 
Shift-Register 15 according to a Load signal. 

A Phase-Detector 11, a Loop-Filter 12, a VCO 
13, and a 1/8 frequency divider 14 constitute a PLL-LOOP 
which octuples the Clock so as generate VCLK 8 times the 

2 0 frequency of Clock. A Shift-Register 15 outputs 

modulation data according to VCLK. The optical pulse of 
© of FIG. 4 is generated by data which is shown in FIG. 
8, and the optical pulse of © of FIG. 3 is generated by 
data which is shown in FIG. 9. 

2 5 Additionally, by changing image data by LUT, 
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the optical pulse shown in FIGS. 3 and 4 can be freely 
selected in the same circuit only by changing the 
contents of LUT , when a laser scanning optical system 
changes. According to the above-mentioned structure, 
5 the optical modulation pulse with high freedom can be 
generated, and a good image having high graininess can 
be obtained. 

FIG. 10 shows a circuit for controlling and 
modulating the semiconductor laser according to data 

10 from Pulse Pulse-Modulation-Unit 101 show in FIG. 5. In 
a case of an optical output P 0 , a voltage (an optical 
excitation current is changed into voltage through REXT 
113) , which is generated by an output current of PD 
(light-receiving element) 111 which receives a light of 

15 LD (semiconductor laser) 110 is detected at the XPD 

terminal 109 by the control circuit 102. The detected 
voltage is controlled by comparing with VCONT voltage, 
and the result of control is held by a Hold-Capacitor 
107 connected to an XCH terminal 106. 

20 Moreover, when an optical output is Pi, it is 

controlled similarly, and the result of control is held 
by a Hold-Capacitor 105. The optical output is 
modulated in multiple stages on the assumption that the 
optical output is linear with respect to a voltage 

25 between P 0 and Pi (practically, this linearity is 



materialized with high accuracy by the I-L 
characteristic of the semiconductor laser) . When the 
Modulation-Data is set to Dn (data which changes at the 
rate of VCLK) , a semiconductor laser drive current is In, 
5 the Hold-Capacitor 1 and the Hold-Capacitor 2 are 
respectively set to VI and V2 , and Pi=P 0 /2: 

ln={ (V 0 -Vi) XDn+Vl } /RE 
where Dn is set by a control circuit 102 and a 
modulation signal generating circuit 103 so as to be 

10 Dn=-1 to 1. 

Thus, the optical pulse pattern of the 
semiconductor laser can be generated according to the 
output data from the Pulse-Modulation-Unit 101, and the 
exposure energy distribution shown in FIGS. 3 and 4 can 

15 be generated with a relatively simple structure, which 
gives an image having good graininess. 

In the circuit shown in FIG. 7, although the 
frequency VCLK which is as large as 8 times the pixel 
clock is generated from the pixel clock, the pixel clock 

20 is usually also generated from a standard clock. Since 
the exposure position offset due to color aberration is 
easily generated depending on the oscillation wavelength 
of a laser, a pixel clock generation circuit is required 
so as to perform a fine control of the pixel clock. 

25 However, if such a circuit is provided separately, 



jitter of the PLL circuit will be accumulated doubly, 
which results in comparatively high cost. 

FIG. 11 is a block diagram of a circuit which 
solves the above-mentioned problem and realizes 
generation of VCLK, and generation of the pixel clock. 
In FIG. 11, a PLL-LOOP is constituted by a phase 
frequency comparison circuit 201, a Loop-Filter 202 and 
a VCO 203. The phase frequency comparison circuit 201 
compares VCLK with a standard clock which has been 
divided by N by a Programmable-Counter 204. The Loop- 
Filter 202 filters the result of the phase frequency 
comparison circuit 201. The oscillation frequency of 
the VCO 203 changes based on an output voltage of the 
Loop-Filter 204. VCLK is generated by the PLL-LOOP 
described above. 

Moreover, a dividing ratio N of the 
Programmable-Counter 20 4 is set by an external dividing 
ratio setup operation. Based on VCLK and a phase 
synchronous pulse, the pixel clock which synchronized 
with the phase synchronous pulse is generated at one 
eighth of the frequency of VCLK by loading data 0' to 
the 1/8 frequency-dividing circuit 206. 

Moreover, 1/8 frequency-dividing circuit 207 
generates an internal clock having a phase difference 
from the pixel clock by loading preset phase data to the 
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same timing. When 1/8 frequency-dividing circuit 207 is 
not needed when the pixel clock is slow or when a time 
delay till image data transmission does not make a 
problem. 

5 However, in a case in which the frequency of 

the pixel clock is high, when image data is taken in 
from an external source which is synchronous with the 
output, it the data cannot be correctly taken in since 
there is a problem in the delay time from output of the 

10 pixel clock to input of the image data. In such a case, 
it is avoidable by making variable the phase of an image 
data taking-in clock to an output pixel clock based on 
the phase data which is previously set up like the 
present embodiment. 

15 Furthermore, in the present embodiment, the 

count (frequency-dividing) of 1/8 frequency-dividing 
circuit 206 and the 1/8 frequency-dividing circuit 207 
can be made enable or disable by a Phase-Set signal. 
This catches a rising edge of a Phase-Set signal by VCLK, 

20 and stops the counting (frequency dividing) operation 

for one clock cycle of the VCLK. By doing in this way, 
the phase of the pixel clock and the internal clock can 
be delayed by 1/8 clock unit. 

By performing an amount of phase delay of 1/8 

25 clock cycle at a predetermined interval (or close to the 
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predetermined interval) during one single scanning 
period, the frequency of the pixel clock during one 
scanning period can be fine-controlled in equivalent. 
This is equivalent to set up more finely the frequency 
5 variable step which can be set up in the PLL-LOOP . 

In order to finely set the frequency variable 
step of the PLL-LOOP in practice, it is also possible to 
make a standard clock lower or to make VCLK higher at 
the same time the frequency-dividing setting range of 

10 the Programmable-Counter 204 is enlarged. However, if 
the standard clock is made lower, a frequency change of 
VCLK can be detected only by a standard cycle clock, 
stabilization of the oscillation frequency of the VCO 23 
becomes a large technical subject. On the other hand, 

15 in order to make VCLK high, the oscillation frequency of 
the VCO 203 must be made high, which also becomes a 
technical subject. 

According to the present invention, if VCO can 
be made high, a frequency setup can be attained at a 

20 step exceeding it, and if VCO can be stabilized, a 

frequency setup will be attained at a step exceeding it. 

Moreover, the discontinuity of the amount of 
exposure energy can be canceled by being made not to 
emit a light by a semiconductor laser during 1/8 clock 

2 5 cycle during which the phase delay is generated by the 



-40- 



Phase-Set signal. Additionally, the Phase-set signal 
may be set when the semiconductor laser does not emit 
light. Furthermore, the Phase-set signal may be set in 
the position shifted for each scanning. Furthermore, by 
changing the amount of phase delay at such timing, the 
phase of the pixel clock can be changed without 
influencing the output image. 

Moreover, the position of each pixel can be 
controlled for every 1/8 clock cycle by changing the 
Phase-set signal so that only the start timing is 
increased or decreased at a constant unit for each 
scanning (for example, 1/8 2/8 3/8 -> 4/8 5/8 -» 
6/8 -> 7/8 -> 0). Thus, a high-definition image can be 
obtained by finely controlling a screen angle of an 
image output . 

FIG. 12 is a block diagram of a circuit which 
have an N-Counter 309 therein and is configured to 
automatically generate the Phase-Set signal for each N— 
count so as to delay the phase of the 1/8 pixel clock. 
In the present embodiment, an optical pulse is not 
output for a time of 1/8 clock. It should be noted that 
in FIG. 12, parts that are the same as the parts shown 
in FIG. 11 are given reference numerals having the same 
lower two digits, and description will be omitted. For 
example, the phase frequency comparison circuit 301 
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shown in FIG. 12 is a part equivalent to the phase 
frequency comparison circuit 201 shown in FIG. 11. 

The circuit structure shown in FIG. 12 does 
not make the exposure energy distribution to be 
5 discontinuous as shown in FIG. 1. This is because the 
light is off for a sufficiently sort time with respect 
to a beam diameter of the semiconductor laser and an 
interval timing of the pixels. It should be noted that 
the count value N of the N-Counter 309 can be set by 

10 serial data. 

Since frequency having a unit which cannot be 
set by the PLL-LOOP can be set by the serial data, a 
frequency unit can be finely set in equivalent. 

FIG. 13 is a timing chart of an operation in 

15 which the phase of the internal clock corresponds to the 
phase data with respect to the image clock. Indicted 
from a top are VCLK, a synchronous pulse, a Load signal, 
a pixel clock, image data, and a Reset 2 signal. 
Additionally, an operation shown in FIG. 13 is achieved 

20 only when a phase detection Set signal is Low. By doing 
in this way, when the phase detection Set signal is Low, 
the synchronous pulse is always effective, and the phase 
relation between the internal clock and the image data 
can be controlled. On the other hand, the initially set 

25 phase difference can be maintained by setting the phase 
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detection Set signal to low only at an initial time 
after a power is turned on. 

FIG. 14 is an illustration for explaining a 
method of a case in which the number of bits of LUT is 
reduced in comparison with the case of the circuit shown 
in FIG. 7. In the method shown in FIG. 14, right and 
left pulse can be independently selected based on the 
enter of a single pixel as a reference. Since a 
selection table is set so as to select 8 phase pulses 
(shown in FIG. 15) for dividing VCLK by 8 , a method of 
generating a pulse at an arbitrary position is shown. 

Although the pulse sequence range which can be 
selected is narrower than that of the circuit shown in 
FIG. 7 in the above-mentioned way, it is effective when 
obtaining the optical pulses shown in FIG. 4 and FIG. 6 
at a low cost since the circuit scale of LUT becomes 
small . 

FIG. 16 shows a circuit used for a 
semiconductor laser of which cathode is common in a 
circuit diaphragm in which a peal value of an optical 
output intensity and a bias current of the semiconductor 
laser are controlled. The optical output of the 
semiconductor laser is detected by Error-Amp 401 through 
a PD (light-receiving element) 410. The result of 
detection is compared with a reference voltage which is 
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converted into a voltage. A control value is retained 
by a Hold-Capacitor 407. In the present embodiment, the 
result of control of the Error-Amp 404 is held by a 
Hold-Capacitor 408 so that a voltage of an RE terminal 
5 411 is controlled to be a voltage of VCC-80mV. 

It should be noted that the control timing of 
the Error-Amp 401 is controlled so that a constant time 
delay is provided in an active state in which the 
semiconductor laser is turned on. Moreover, the Error- 
10 Amp 4 04 performs a control by a constant time when an 

LDON signal is inactive so that a bias current when the 
semiconductor laser is turned off becomes a constant 
value . 

As mentioned above, by starting the control 
15 with a constant time delay from the LDON signal, a 

light-receiving current of the light-receiving element, 
which is converted from the optical output of the 
semiconductor laser, is converted into a voltage so that 
an error dose not occur due to a time delay in the 
20 transmission of the signal to the Error-Amp 401. 

Additionally, it is also the same in the control timing 
of the bias current. 

Furthermore, by connecting the semiconductor 
laser to an emitter of a bipolar transistor, the voltage 
25 is supplied to the semiconductor laser so that a delay 
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is not generated in a base voltage of a bipolar as much 
as possible. Therefore, in the present embodiment, the 
composition is taken which obtains a predetermined 
optical output is taken by making voltage across the 
5 terminals of the semiconductor laser into a 

predetermined voltage. According to the above-mentioned 
structure, the semiconductor laser can be modulated at a 
high speed. 

FIG. 17 shows a circuit of a case in which an 
10 anode common semiconductor laser is used. In the 

circuit shown in FIG. 17, the semiconductor laser is 
connected to the collector of a transistor as compared 
with the circuit shown in FIG. 16. Thus, a circuit 
almost the same as the cathode common semiconductor 
15 laser can be realized. As a result, anode common and 

cathode common semiconductor lasers can be usable in the 
same IC. 

In the circuit shown in FIG. 18, in order to 
generate a timing for control the semiconductor laser, 

2 0 CI is quick-charged when the LDON signal is high and the 
capacitor is discharged by a constant current when the 
LDON signal is low so as to a control is not performed 
when a thin pulse is input. By doing in this way, 
control accuracy is improved by holding a control value 

25 with respect to a narrow pulse sequence as compared with 
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a structure of a simple delay circuit + a logic circuit. 

FIG. 19 is an example in which an anode common 
semiconductor laser is connected when a terminal voltage 
of the light-receiving element is equal to or less than 
VCC/2 or otherwise rendered to be a cathode common in a 
case in which the connection of the semiconductor laser 
as shown in FIG. 16 and FIG. 17 is performed. A 
characteristic of the terminal voltage of the light- 
receiving element detecting a light of the semiconductor 
laser being changed with a GND as a reference in a case 
of an anode common and being changed with a VCC as a 
reference in a case of a cathode common is used. 

By doing in this way, it is distinguished 
automatically whether the anode common semiconductor 
laser is connected or the cathode common semiconductor 
laser is connected. Therefore, the control direction 
according to FIGS. 16 and 17 can be changed, and the 
same circuit (IC) can be used to both the anode common 
semiconductor laser and the cathode common semiconductor 
laser . 

FIG. 2 0 is a structural diagram of a chip when 
the above-mentioned circuit is realized as a single chip 
IC. In the present embodiment, the pixel clock 
frequency is the same frequency, the synchronous signal 
can be independently controlled by two kinds, and a 
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circuit part for controlling and modulating the 
semiconductor laser has 2 channels. 

A Voltage-Reference 601 is a reference power 
supply circuit of the entire IC, and supplies a 
5 reference power to other circuit blocks. A PLL-LOOP is 
constituted by a Phase-Detector 602, a VCO 603, a Clock- 
Driver 604 and a 12-BIT-Programmable-Counter 605. A 
lower order 1 BIT from among 12-BIT data set in a 
Counter-Register is set so as to delay the phase of an 

10 output clock VCLK of the Clock-Driver 604 by iz , and 

higher order 11 bits set the dividing ratio of the 12- 
BIT-Programmable-Counter 605. Thus, the freguency of 
CLK is F-REFXN/2 (N: 12-BIT data) . 

Synchronizing with each of DETP1 and DETP2, an 

15 XResetPulse-Generator 608 and a YResetPulse-Generator 
610 output XCLK and YCLK which has selected Xreset , 
Yreset or a reversal of CLK. According to XCLK, YCLK, 
Xreset and Yreset, an XDriver-Driver 609 and a YDriver- 
Driver 611 are quarter-divided, and output pixel clocks 

2 0 XPCLK and YPCLK which synchronized with XDEPT and YDEPT . 

According to a timing chart shown in FIG. 24, 
and according to the rising edge of XDPhase and YDPhase, 
the image clock can be delayed by 1/8 phase. 
Consequently, a delay control of the pixel clock start 

25 position can be carried out for every 1/8 clock cycle 
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for every line scanning. 

Moreover, the pixel clock frequency can be 
changed into FCLKXN/ (N+M/8) in equivalent by giving a 
rising edge M times during the scanning of one line. 
5 Furthermore, as shown in the timing chart of FIG. 24, 
the pixel clock is delayed by 1/8 clock cycle by 
generating ALDMASK and BLKMASK signals, and forcibly 
turning off the semiconductor laser at the timing so 
that an image intensity is not rapidly changed. In this 

10 case, if 1/8 intensity is reduced previously, there is 
no need to make a forcible turn-off although an 
automatic turn-off is made. 

Thus, in a case in which 1/8 is reduced from 
the image data beforehand, a LDMASK signal is rendered 

15 to be ineffective by setting a MaskEN signal to high. 
In FIG. 21, a chip structure is shown in which an 
optical pulse is generated in accordance with a 
previously determined rule. 

FIG. 22 is an example which realizes the 

20 above-mentioned matter by constituting a unit which 
performs a process for effective write-in period of 
image data, producing an intensity pattern for 
controlling an electronic photograph process, detecting 
isolated dots and a corresponding image data conversion 

25 process by writing program codes in a Code-Area-Program- 



Counter 805 by a serial I/F 801. 

It should be noted that an ALU 804 performs an 
operation with an output clock (8 times the pixel clock) 
of the Clock-Generator 806. Moreover, the program code 
is controlled to become a predetermined program count 
value for every synchronized signal. As mentioned above, 
the ALU804, which performs a process in a case in which 
the transmitted image data is outputted, the LD- 
Controller 807 modulates the semiconductor laser 
according to the data. It should be noted that a rate 
conversion RAM 802 serves as a buffer memory for 
absorbing a difference in rate between a clock being 
transmitted and a write-in clock. 

In a circuit shown in FIG. 23, an ALU 904 
writes a data pattern corresponding to optical 
modulation pattern data corresponding to a single pixel 
in a Shift-Register 910 once for each 8 cock cycle of a 
clock-Generator 906, and the Shift-Register 910 provides 
modulation data of an LD-controller 907 according to a 
clock generated by a Clock-Generator 906. It should be 
noted that parts that are the same as the parts shown in 
FIG. 22 are given reference numerals having the same 
lower two digits, and descriptions thereof will be 
omitted. 



(Second embodiment) 

A description will now be given, with 
reference to FIGS. 25 through 39, of an image forming 
apparatus according to a second embodiment of the 
present invention. It should be noted that a part of 
the circuit provided in the image forming apparatus 
according to the second embodiment is equivalent to the 
circuit of the image forming apparatus according to the 
above-mentioned first embodiment. Such a circuit is 
explained by referring to figures described in relation 
with the first embodiment. 

FIG. 25 is a perspective view of an optical 
scanning part provided in an image forming apparatus 
according to a second embodiment of the present 
invention. FIG. 26 is an illustration showing a light 
source device shown in FIG . 25. 

A light source device 1010 comprises, as shown 
in detail in FIG. 26, a light source part having a 
plurality of light-emitting parts 1011a and 1012a (two 
parts in this case) and coupling lenses 1013 and 1014 
which carry out coupling of diverging light flux emitted 
by each of the light-emitting parts 1011a and 1012a. 
The coupling lenses 1013 and 1014 change the above- 
mentioned diverging light flux into "the light flux form 
{for example, a parallel light flux, slightly diverging 



light flux or convergent light flux, etc.) suitable for 
the subsequent optical system". As shown in FIG. 26, 
with the form of the present embodiment, each coupled 
light flux is projected from the light source device 
1010 as "parallel light fluxes Bl and B2", and forms an 
image in a mostly linear shape which extends in the 
primary scanning direction main at a position adjacent 
to a deflecting reflection surface of a rotating polygon 
mirror 1004 which is the deflector by a cylindrical lens 
1003 as a line image forming system. 

The tow light fluxes pass the respective image 
forming lenses 1005, and 1006 while being deflected with 
an equiangular velocity in association with the 
equiangular velocity rotation of the rotating polygon 
mirror 1004; then the optical path is bent by an optical 
path folding mirror 1007; light fluxes are diverged as 
optical spots by the action of the lenses 1005 and 1006 
on a photo conductor surface of the photo conductor 1008 
which is a surface to be scanned, and the optical spots 
scan along two scanning lines on the surface to be 
scanned. The two optical spots are formed at a desired 
interval (scanning pitch) in the sub-scanning direction. 

The relative positional relationship between 
the light-emitting parts of the light source part is 
decided so that the above-mentioned "desired scanning 
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pitch" is achieved in accordance with a synthesized 
magnification M in the sub-scanning direction of the 
image forming system (in the present embodiment, the 
coupling lenses 1013 and 1014, the cylindrical lens 1004, 
5 the image forming lenses 1005 and 1006) between the 
light source part and the surface to be scanned. 

Here, as shown in FIG. 26, the light source 
device 1010 carries out coupling of the diverging light 
fluxes from two semiconductor lasers 1011 and 1012 

10 separately with the coupling lenses 1013 and 1014 

corresponding to the respective semiconductor lasers so 
as to change into the parallel light fluxes, and 
synthesizes the coupled light fluxes by using a beam 
synthesizing prism 1015. The beam synthesizing prism 

15 1015 has a polarization separation film 1015A, and the 
light flux from the coupling lens 1013 transmits the 
polarization separation film 1015A. Moreover, the plane 
of polarization of the light flux from the coupling lens 
1014 is rotated by 90 degrees from the original state by 

20 a 1/2-wavelength plate 1016, and the light flux is 
reflected sequentially by the prism surface and the 
polarization separation film 1015A and is projected from 
the beam synthesizing prism 1015. 

The optical axes (shown by chain lines) of the 

25 coupling lenses 1013 and 1014 are mutually parallel, and 
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are synthesized into a single line after passing the 
beam synthesizing prism 1015 as shown in the figure so 
as to be a synthesized optical axis AX. The vertical 
direction of FIG. 2 6 corresponds to the sub-scanning 
direction. The light-emitting parts 1011a and 1012a of 
the semiconductor lasers 1011 and 1012 are shifted in 
the sub-scanning direction (opposite to each other) with 
respect to the optical axis of the respective coupling 
lenses 1013 and 1014, and, thus, light fluxes Bl and B2 
which are synthesized by the beam synthesizing prism 
1015 mutually form an angle in the sub-scanning 
direction . 

The light source part is not limited to that 
shown in FIG. 26, and a well-known proper one may be 
used. For example, structure may be made so that "a 
semiconductor laser array with a plurality of light- 
emitting parts arranged in an array in monolithic" is 
used and a plurality of diverging light fluxes projected 
from the light-emitting arts are coupled by a common 
coupling lens . 

There is a limit (14 |Jm) in reducing the 
light-emitting point interval of a semiconductor laser 
array due to the influence of a thermal cross-talk or an 
electric cross-talk. Moreover, it becomes a demerit in 
cost to make many kinds of light-emitting point 
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. intervals of a semiconductor laser array. However, 
various scanning optical systems have been developed 
with the write-in density and scanning width, and there 
are various magnifications of the scanning optical 
systems. Therefore, in order to obtain arbitrary 
scanning pitches on a surface to be scanned, the 
semiconductor laser array is slantingly used as the 
pitch in the sub-scanning direction is apparently turned 
into a desired pitch. As shown in FIG. 27B (this 
example is a semiconductor laser array having 4 light- 
emitting points) , the pitch becomes equivalent to PcosB 
in the sub-scanning direction, by slanting the 
semiconductor laser array having the light-emitting 
point interval P by an angle 0. Accordingly, the 
scanning pitch in the sub-scanning direction can be made 
into an arbitrarily desired pitch. 

However, when a semiconductor laser array is 
slanted, the light-emitting point of the primary 
scanning direction are shifted by a distance d as shown 
in FIG. 27B, and the scanning start position of the 
light flux emitted from each light-emitting points on 
the surface to be scanned is also shifted. In such a 
case, an amount of shift on the surface to be scanned is 
multiplied by the magnification of the entire optical 
system in the primary scanning direction. Additionally, 



even when the semiconductor laser array is not slanted 
as shown in FIG. 27A, the scanning start position on the 
surface to be scanned is shifted in a similar manner as 
mentioned above due to by the shift of position of the 
light-emitting point which occurs due to a machining 
error in the manufacturing process of the semiconductor 
laser array. As mentioned above, since the shift of the 
position of the light-emitting point in the main 
scanning direction becomes a cause of degradation of 
final image quality, the scanning start position is 
needed to be corrected. 

FIG. 28 is a perspective view of 4-beam light 
source unit using a total of four general-purpose 
semiconductor lasers. In FIG. 28, semiconductor lasers 
1101 and 1102 are respectively pressed fit in fitting 
holes (not shown in the figure) which are arranged at an 
interval of about 8 mm in the primary scanning direction 
on the back side of an aluminum die cast support member 
1103, and are arranged along a line in symmetric with a 
first projection axis. Additionally, the collimate 
lenses 1104 and 1105 constitute a first light source 
part by being fixed by a UV cure adhesive filled in a 
gap between U-shaped support parts 1103-1 and 1103-2 
making pairs with semiconductor lasers 1101 and 1102, 
the X positions being determined so that the diverging 



-55- 



light flux of each semiconductor laser is changed to a 
parallel light flux and the Y and Z positions are 
aligned so that predetermined beam projection direction 
is achieved. Similarly, a second light source part is 
also constituted by semiconductor lasers 1106 and 1107 
being pressed fit into the support member 1108 and 
collimate lenses 1119 and 1109 being fixed to support 
member 110 8. 

The first and second light source parts are 
arranged symmetrically with X axis; the cylinder parts 
1103-6 and 1108-6, of which projection axes (first and 
second projection axes) are aligned with the centers 
thereof, are brought into engagement with fitting holes 
1110-1, 1110-2 from the back side of the base member 
1110; contact is made by using each three points of the 
positioning parts 1103-3, 1103-4 and 1103-5 and 1108-3, 
1108-4 and 1108-5 as references; the support member 1103 
is fix by screws piercing from the front side of the 
base member in the positioning parts 1103-3, 1103-4, 
1108-3 and 1108-4. 

A board 1111 to which an aperture 
corresponding to each semiconductor laser is provided 
and a bean synthesizing prism 1112, which projects the 
beams of the semiconductor lasers 1106 and 1107 by being 
close to the two optical axes of the semiconductor 



lasers 1101 and 1102, are supported on the base member. 
The thus constructed base member is supported by a 
holder member 1113, and the base member is mounted to an 
optical housing (not shown in the figure) accommodating 
a scanning optical means by aligning the center of a 
cylindrical part 1113-1 with an optical axis of the 
scanning optical means so that a plurality of beams are 
incident on the scanning optical means. Moreover, the 
base member is rotatably supported about a cylindrical 
member 1113-1 as a center by moving a lever 1113-3 up 
and down by an adjusting screw 1115. 

Although an inclination of a scanning line 
arises due to an arrangement error of a scanning optical 
system, the beam arrangement can be slanted to align 
with the scanning line. A substrate 114 in which the 
drive circuit of each semiconductor laser is formed is 
fixed to a support 1113-2, and leads of the 
semiconductor lasers are connected by soldering. 

In the above-mentioned light source apparatus 
which has a plurality of light-emitting parts, since the 
wavelengths of the light-emitting parts are different 
from each other, the magnification of each scanning 
light, which scans the surface to be scanned, varies due 
to color aberration of the image forming lenses shown in 
FIG. 25, and a phenomenon occurs that the exposure width 
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varies. Additionally, similar to the case in which a 
semiconductor laser array is slanted, as apparent from 
FIG. 28, positions of the light-emitting points are 
shifted in the primary scanning direction, and, thereby, 
5 the scanning start position of the light flux emitted by 
each light-emitting point on the surface to be scanned 
is also shifted. As well as the case where a 
semiconductor laser array is slanted, the shift of the 
scanning start position in the primary scanning 
10 direction becomes a cause of degradation of final image 
quality, a scanning start position must be corrected. 

The position of the above-mentioned light- 
emitting point can be put in other words that "a case 
where the relative position of each light-emitting point 
15 of the semiconductor laser relative to the axis 

perpendicular to the deflecting scanning flat surface (a 
primary scanning plane) is different". In a case of 
such a state, that is, in a case in which there is no 
relative position of each light-emitting pint on the 
20 axis perpendicular to the deflecting scanning flat 

surface, the scanning start position of the optical spot 
on the surface to be scanned is a position shifted in 
the primary scanning direction, resulting in an image 
having a "zigzag" write edge. 
25 As explained, referring to FIG. 3 through FIG. 



6 in the above-mentioned first embodiment, by carrying 
out exposure by optical pulses according to the present 
invention, a steep exposure energy distribution can be 
obtained which is close to a cane in which the optical 
beam diameter is reduced by abut 20%. By doing in this 
way, since the same surface potential distribution as 
the case where a photo conductor surface potential 
distribution makes the diameter of a beam thinner is 
obtained, an image having good graininess (S/N ratio) 
can be obtained. 

In the present embodiment, the pulse 
modulation unit (Pulse-Modulation-Unit) for generating 
an optical modulation pulse sequence is equivalent to 
the circuit shown in FIG . 7 in the above-mentioned first 
embodiment, and the explanation thereof will be omitted. 
Moreover, since LD control unit and the LD peripheral 
circuit for controlling and modulating semiconductor 
lasers are also equivalent to the circuit shown in FIG. 
10, and the explanation thereof will be omitted. 

Here, in the pulse modulation unit shown in 
FIG. 7, although the composition, which generates the 
high-frequency clock VCLK of which frequency is 8 times 
the pixel clock CLK from the pixel clock CLK, is shown, 
the pixel clock CLK itself is usually generated from a 
reference clock. When a semiconductor laser LD is used 
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as a light source, since the exposure (scan) position 
shift occurs due to color aberration (so-called color 
aberration of magnification) of an optical scanning 
system by an oscillation wavelength jump, a difference 
in wavelength between a plurality of light-emitting 
parts or a color aberration of an optical scanning 
system, a pixel clock generating circuit which can 
finely control the pixel clock is required. 

For example, when the number of pixels of one 
scan is 14,000, the frequency of the pixel clock is 60 
MHz and pixel position accuracy at opposite ends of scan 
is 1/4 of a pixel width, in order to enable such a 
frequency setting by a single PLL , it must be set to 
60MHz/ (14000X4) =1. 07kHz, and PLL must be controlled by a 
reference clock of about 1kHz . As a result, an amount 
of phase change can be detected at only for every 1 kHz, 
and the control bandwidth as a PLL is decreased. 
Furthermore, it becomes weak to the external disturbance 
etc., and in order to improve pixel position accuracy, 
the demand for the stability of VCO 1203 which 
constitutes the PLL becomes very high. Although there 
is a method of double PLL so as to avoid the above- 
mentioned problem, jitter of the PLL circuit is 
accumulated doubly which causes an increase in 
enlargement of jitter. Additionally, a cost is 



-60- 



relatively increased. 

FIG. 29 shows a circuit which solves the 
above-mentioned problem and realizes VCLK signal 
generation and pixel clock generation at the same time. 
A description will now be given below, with reference to 
FIG. 29, of an operation. In the circuit shown in FIG. 
29, the VLCK signal is generated by a PLL loop PLL 
comprising: a phase frequency comparison circuit 1322 
which compares a reference clock and a result of N 
division of the VLCK signal by a programmable counter 
1321; a lop filter 1323 which filters a result of the 
phase frequency comparison circuit 1322; and a VCO 1324 
of which oscillation frequency changes in response to an 
output voltage of the loop filter 1323. Additionally, 
the dividing ratio N of the programmable counter 1321 is 
set by external frequency dividing ratio setting. 

Thus, VCLK signal is generated, and the pixel 
clock synchronous with a phase synchronous pulse is 
generated at a frequency of 1/8 of the VLCK signal by 
loading data=0 from a load pulse generator 1325 to a 1/8 
frequency dividing circuit by the VCLK signal and the 
phase synchronous signal. 

This circuit also has a 1/8 frequency dividing 
circuit 1327 which generates an internal clock having a 
phase difference between the pixel clock when preset 
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phase data is loaded from a register 1325 at a similar 
timing. The 1/8 frequency dividing circuit 1327 is not 
needed when the pixel clock is slow. Additionally, The 
1/8 frequency dividing circuit 1327 is not needed if a 
5 time delay of transmission of image data does not cause 
a problem. 

However, it becomes impossible to take in data 
correctly when the frequency of the pixel clock is high 
since the time delay from output of the pixel clock to 
10 input of the image data causes a problem. In such a 
case, it can be avoided by making a phase of an image 
data take-in clock variable with respect to the output 
pixel clock based on preset phase data as is in the 
present embodiment. 

15 Furthermore, in the present embodiment, the 

count (frequency dividing) of the 1/8 frequency dividing 
circuits 1326 and 1327 can be enabled/disabled by a 
Phase-Set signal. In the case of the present embodiment, 
a rising edge of the Phase-Set signal is caught by VCLK 

20 so as to stop a counting (frequency dividing) operation 
for one clock cycle of VCLK. By doing this way, the 
phase of the pixel clock and the internal clock can be 
delayed by 1/8 clock unit. By performing phase delay of 
1/8 clock cycle at a predetermined interval (or close to 

25 a predetermined interval) during one scanning period, 
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the frequency of the pixel clock during one scanning 
period can be finely controlled in an equivalent manner. 
This is equivalent to an ability to more finely set the 
frequency variable step, which can be set by PLL-LOOP, 
can be set more finely. 

Contrary, in fine control, when advancing by 
1/8 clock, it can be achieved by reducing by 1/8 clock 
by loading data=l instead of loading data=0 so as to 
change as f requency=8->7 , as shown in FIG. 30. At this 
time, if load data is set, the data is output form eth 
register 11329 to the frequency dividing circuit 1326-1, 
and when the frequency dividing number=7 is output, it 
is shortened, and when the frequency dividing number=9 
is output, it is prolonged. 

In another method, a desired image can be 
obtained by performing a fine control by setting the 
original pixel clock to be relatively shorter, and 
delaying the phase of the pixel clock and the internal 
clock by 1/8 clock unit at a predetermined interval (or 
close to a predetermined interval) during one scanning 
period. 

In a case of a multi-beam optical system in 
which the light-emitting part of the semiconductor laser 
LD as a light source part is constituted by a plurality 
of light-emitting parts, if each oscillation wavelength 
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is different, a cause of image degradation is generated 
since a difference is generated in the scanning width of 
the scanning light by each light-emitting part by color 
aberration of a scanning optical system for scanning an 
forming an image on the surface to be scanned, which 
causes a shift off image potion for each scanning line 
or a intensity fluctuation in a highlight part. 

The difference of the scan width can be 
corrected by using the above-mentioned phase shift, and 
writing can be performed at a desired target writing 
position. A shift may be made to shorten the scan width 
which will be prolonged, and a shift may be made to 
prolong the scan width which will be shortened. On the 
other hand, when the original image clock is compressed 
beforehand so as to be relatively short, an amount of 
shift may be changed for each of the light-emitting part 
of which scan width is prolonged and the light-emitting 
part of which scan width is shortened. 

Here, when a semiconductor laser array is 
slanted, as stated also above, the light-emitting point 
position is shifted by a distance d in the primary 
scanning direction, and, thereby, the scanning start 
position off the light flux emitted by each light- 
emitting point on the surface to be scanned is also 
shifted. In such a case, an amount shift is multiplied 



by a magnification of the entire optical system in the 
primary scanning direction on the surface to be scanned. 

FIG. 31 shows the shift, that is, a 
relationship between an interval of a plurality of 
light-emitting points on the primary scanning cross- 
section an interval of a plurality of optical spots on 
the surface to be scanned. FIG. 31 illustrates a state 
in which light fluxes emitted with the interval d is 
scanned with an interval d' due to a magnification 
relationship according to a ratio of focal distances of 
the coupling lenses 1013 and 1014 and the image forming 
lenses 1005 and 1006. The scanning light flux scans the 
surface to be scanned as an optical spot by a light 
condensing action by the image forming lenses 1005 and 
1006. Accordingly, each optical spot scans with the 
distance d shifted in the primary scanning direction, 
and supposing that the magnification of the entire 
optical system is pm, the following relationship can be 
established. 

I d ' | = I Pmxd | 

On the other hand, when it is not slanted, 
similar to the above mentioned, the scanning position 
shifts on the surface to be scanned due to the position 
shift of the light-emitting point generated by a 
machining error during the manufacturing process of the 
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semiconductor array. 

Moreover, similar to the case in which the 
semiconductor laser is slanted, when the light source 
part is constituted by a plurality of semiconductor 
lasers, the scanning start position of the light flux 
emitted by each light-emitting point shifts on the 
surface to be scanned since the position of the light- 
emitting point is shifted in the primary scanning 
direction. As well as the case where a semiconductor 
laser array is slanted, the shift of the scanning start 
position in the primary scanning direction becomes a 
cause of degradation of final image guality, a scanning 
start position must be corrected. 

The position of the above-mentioned light- 
emitting point can be put in other words that a case 
where the relative position of each light-emitting point 
of the semiconductor laser relative to the axis 
perpendicular to the deflecting scanning flat surface (a 
primary scanning plane) is different. In a case of such 
a state, that is, in a case in which there is no 
relative position of each light-emitting pint on the 
axis perpendicular to the deflecting scanning flat 
surface, the scanning start position of the optical spot 
on the surface to be scanned is a position shifted in 
the primary scanning direction, resulting in an image 



having a zigzag write edge. 

FIG. 32 illustratively shows scanning of the 
optical spots on the surface to be scanned. By slanting 
the semiconductor laser array, the optical spots which 
scans on the surface to be scanned with an interval d' . 
At this time, after a predetermined time, an 
electrostatic latent image is formed on the surface to 
be scanned by emitting a light by the semiconductor 
laser array in response to an image modulation signal 
based on 

a detection signal from a synchronous detection optical 
system (scanning light detection means) arranged 
preceding to the image area. The semiconductor laser 
array also takes timing for other light-emitting points 
on the basis of the light flux which crosses the 
synchronous detection optical system first. Therefore, 
with this, the write-in start position of the optical 
spot by each light-emitting point shifts in the image 
area, and causes image degradation. 

Then, the start position of the electrostatic 
latent image formed on the surface to be scanned scan 
can be aligned by delaying by shifting a phase so as to 
start writing image information at a timing at which the 
light flux, which writes in the image area at last, 
reaches the image area. If d' is the length of N/8 



clock, in the case of the semiconductor laser array 
having four light-emitting points as shown in FIG. 32, 
the control signal corresponding to the scanning light 
preceded most can be aligned with the last one by 
shifting 3XN/8 clock. Similarly, the second one be 
shifted 2XN/8 clock, and the third one be shifted N/8 
clock . 

Although the last scanning light is made as a 
reference in the above-mentioned example, any point may 
be made as a reference. In such as case, the shift can 
be made so as to arbitrarily shortened or elongated. As 
in the manner mentioned above, even when the 
semiconductor laser array is slanted, the starting end 
of an image can be aligned. 

In a case in which it is desired to finely set 
the frequency variable step of PLL-LOOP finely set, such 
setting can be carried out by expanding the frequency 
dividing setting range of the programmable counter 1321 
shown in FIG. 30 and lowering the reference clock or 
raising the VCLK signal. However, lowering the 
reference clock results in that the frequency 
fluctuation of the VCLK signal can be detected only at 
the reference clock cycle, and stabilization of the VCO 
132 4 becomes a large technical subject. 

For example, when the number of pixels of one 



scan is 14,000, the frequency of the pixel clock is 60 
MHz and pixel position accuracy at opposite ends of scan 
is 1/4 of a pixel width, in order to enable such a 
frequency setting by a single PLL , it must be set to 
60MHz/ (14000X4)=1. 07kHz, and PLL must be controlled by a 
reference clock of about 1kHz . As a result, an amount 
of phase change can be detected at only for every 1 kHz, 
and the control bandwidth as a PLL is decreased. 
Furthermore, it becomes weak to the external disturbance 
etc., and in order to improve pixel position accuracy, 
the demand for the stability of VCO 132 4 which 
constitutes the PLL becomes very high. Although there 
is a method of double PLL so as to avoid the above- 
mentioned problem, jitter of the PLL circuit is 
accumulated doubly which causes an increase in 
enlargement of jitter. Additionally, a cost is 
relatively increased. On the other hand, in order to 
raise VCLK, the oscillation frequency of the VCO 1324 
must be raised, which also results in a technical 
subj ect . 

However, according to the present invention, 
if VCO 1324 can be made high, a frequency setup can be 
attained at a step exceeding it, and if VCO 1324 can be 
stabilized, a frequency setup will be attained at a step 
exceeding it. Moreover, the discontinuity of the amount 
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of exposure energy can be canceled by being made not to 
emit a light by a semiconductor laser during 1/8 clock 
cycle during which the phase delay is generated by the 
Phase-Set signal. 

Additionally, the Phase-Set signal may be set 
when the semiconductor laser does not emit light. The 
Phase-set signal may be set in the position shifted for 
each scanning. Setting may be carried out only at the 
first line of a page. Further, when a power is supplied 
to the apparatus, a predetermined time interval may be 
set. The time interval may be measured by incorporating 
an internal clock in the apparatus, or may be measured 
by a method of time counter. 

By changing the amount of phase delay at such 
timing, the phase of the pixel clock can be changed 
without influencing the output image. Moreover, the 
position of each pixel can be controlled for every 1/8 
clock cycle by changing the Phase-Set signal so that 
only the start timing is increased or decreased at a 
constant unit for each scanning (for example, 1/8 -> 2/8 
-» 3/8 ^> 4/8 -> 5/8 -> 6/8 -» 7/8 -> 0) . 

By doing this way, a high-definition image can 
be obtained by finely controlling a screen angle of an 
image output. Additionally, by arbitrarily changing the 
timing of setting of the phase change circuit, it can be 
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dealt with various cases . 

In the circuit shown in FIG. 33, an N-count 
counter (N-Counter) 1330 is added to the composition 
shown in FIG. 29, and the N-counter 1330 automatically 
generates the Phase-Set signal for every N-count of an 
internal clock so as to delay a 1/8 pixel clock phase. 
In the present embodiment, an optical pulse is not 
output for the time of 1/8 clock. Even in this way, an 
exposure energy distribution does not become 
discontinuous as shown in FIG. 3 (since the light is 
turned off only for a sufficiently short time with 
respect to the beam diameter of the semiconductor laser 
LD, and since it is a timing of segmentation of the 
pixel) . 

It should be noted that the count value N of 
the N-counter 1330 can be externally set by serial data. 
By doting this, a frequency unit, which cannot be set by 
PLL-LOOP , can be set, which equivalents to finer setting 
of the frequency unit. 

The variation in the distance from the axis of 
rotation of a deflection reflective surface (variation 
in an inscribed circle radius) generates unevenness in 
the scanning speed of the optical spot (scanning beam) 
which scans a surface to be scanned. After detecting 
synchronous light, a write-in signal is issued at a 



predetermined timing and a semiconductor laser starts 
light emission, data corresponding to a single scanning 
line is sent to each source of light emission, and 
thereby, an image is formed as a latent image on a 
scanned medium. At this time, unevenness (variation) of 
the scanning length of each scanning line appears 
according to the above-mentioned factor in the deflector 
such as a polygon scanner. Such unevenness is mainly 
conspicuous at an edge of image as well as a write-in 
magnification error, and the variation in the above- 
mentioned write-in end appears as fluctuation of an 
image end . 

According to the present invention, the 
variation in the scanning width can also be corrected by 
shifting the phases of the above-mentioned pixel clock 
and internal clock. The variation in the scanning width 
the deflector as a cause is generated due to a change in 
the deflection reflective surface, and the variation 
occurs periodically in accordance with the period of the 
deflection reflective surface. Accordingly, it is 
needed to distinguish whether which surface of the 
deflection reflective surface is being scanned. In one 
example of such a method, a mark is provided on a top 
surface of the deflector so that one rotation can be 
recognized as the mark is read. Moreover, an input 
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signal is obtained by a synchronization detecting system 
before starting each scanning operation, and it can be 
determined whether which surface is scanned by the two 
kinds of information. 

Now description will be given with reference 
to FIG. 34, a 1/n counter (1/n Counter) 1331 is reset by 
a mark detection signal from a deflector, and after the 
reset the 1/n counter (1/n Counter) 1331 restart the 
count of the synchronous pulse signals so as to count 1, 
2,3. . . , n surfaces, and, then, reset again by the 
mark detection signal from the deflector. By this 
repetition, it can be determined whether which surface 
of the deflector is being scanned. 

In FIG. 35, a line counter 1333 and a count 
value setting part 133 4 are added to the structure shown 
in FIG. 33. Since scanning width expands and contracts 
due to a deflection reflective surface, information 
regarding each surface is stored in the count value 
setting part 1334 as line information so as to load the 
line information to the N-counter 1330 in accordance 
with a discrimination signal, which indicates a surface 
to be scanned by the line counter 1333 next, and 
determines how to shift the phases of the pixel clock 
and the internal clock based on the information. That 
is, loading the line information to the N-counter 1330 
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based on the data from the line counter with respect to 
the recognized number of surfaces of the deflector so a 
to set the count value, and generating the Phase-Set 
signal by the N-counter, and shifting the phase. It 
should be noted that the above-mentioned operation is 
not limited by the number of light sources, and a 
similar elect can be provided even in a case in which 
the number of light sources is one or a plurality of 
light sources are provided. 

Here, the timing which controls the phase of 
the internal clock with respect to the pixel clock 
according to phase data is the same as that of the 
timing shown in FIG. 13 in the above-mentioned first 
embodiment. Moreover, as explained with reference to 
FIG. 14, the number of bits of the look-up table may be 
reduced. 

Moreover, also in the present embodiment, the 
circuit structure shown in FIGS. 16 to 19 explained in 
the above-mentioned first embodiment may be used. 

FIG. 36 is a structural diagram of a chip in a 
case in which the above-mentioned matters put together 
so as to achieve a single chip IC. Additionally, in the 
present embodiment, the pixel clock frequency is the 
same frequency, the synchronous signal can be controlled 
separately in two kinds, and a circuit part which 
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controls and modulates the semiconductor laser has two 
channels. In the figure, a reference power supply 
circuit (Voltage-Reference) 1350 is provided for whole 
IC, and supplies reference voltages VREF and IREF to 
other circuit blocks. A phase detector (Phase-Detector) 
1351, a VCO 1352, a clock driver (Clock-Driver) 1353, an 
11-bit programmable counter (llBIT-Programmable-Counter) 
1354 constitute a PLL-LOOP circuit. The lower order 1 
bit from among the 12 bit data set in the counter 
register 1355 is set so as to delay the phase of the 
output clock VCLK by 7t, and the upper 11 bits set the 
frequency dividing ratio of the programmable counter 
1354. As mentioned above, the frequency of the CLK is 
set to F-REFXN/2 (N: 12-bit data). 

Synchronizing with primary scanning 
synchronization signals (DETP1 signal and DETP2 signal) 
form a detect pulse modulator 1358, an X-reset pulse 
generator (XResetPulse-Generator ) 1356X and a Y-reset 
pulse generator ( YResetPulse-Generator) 1356Y output an 
Xreset signal and a Yreset signal and an XCLK signal and 
a YCLK signal, which has selected whether normal or 
reverse of the CLK signal, to an X-divider driver 
(Xdivider-driver) 1357X and a Y-divider driver 
(Ydivider-Driver) , respectively. 

According to the Xreset signal, Yreset signal, 



the XCLK signal and the YCLK signal, drivers 1357X and 
1357 Y carry out quarter-division, and output pixel 
clocks XPCLK and YPCLK which synchronized with an XDEPT 
signal and a YDEPT signal from a selector 1358. 

Moreover, according to a timing chart shown in 
FIG. 37, and according to the rising edge of an ADPhase 
signal and a BDPhase signal, the pixel clock can be 
delayed by 1/8 phase. Consequently, a delay control of 
the pixel clock start position can be carried out for 
every 1/8 clock cycle for every line scanning. 

Moreover, the pixel clock frequency can be 
changed into FCLKXN/ (N+M/8 ) in equivalent by giving a 
rising edge M times during the scanning of one line. 
Furthermore, as shown in the timing chart of FIG. 37, 
the pixel clock is delayed by 1/8 clock cycle by 
generating ALDMASK and BLKMASK signals, and forcibly 
turning off the semiconductor laser at the timing so 
that an image intensity is not rapidly changed. 

In this case, if 1/8 intensity is reduced 
previously, there is no need to make a forcible turn-off 
although an automatic turn-off is made. Thus, in a case 
in which 1/8 is reduced from the image data beforehand, 
an LDMASK signal is rendered to be ineffective by 
setting a MaskEN signal to high. 

FIG. 38 shows an example of a structure in 
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which an optical modulation pulse is generated in 
accordance with a previously determined rule. 

It should be noted that also in the present 
invention, as explained in the above-mentioned first 
5 embodiment, the circuit structure shown in FIG. 22 or 
FIG. 23 my be adopted so as to write program codes in a 
code area program counter by a serial interface. 

Additionally, FIG. 39 shows a circuit in which 
shading data is added to the circuit structure shown in 
10 FIG. 16. 

The present invention is not limited to the 
specifically disclosed embodiments, and variations and 
modifications may be made without departing from the 
scope of the present invention. 
15 The present application is based on Japanese 

priority applications No. 2000-167886 filed on June 5, 
No. 2000-227488 filed on July 27, 2000 and No. 2000- 
227497 filed on July 27, 2000, the entire contents of 
which are incorporated herein by reference. 
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